The antibacterial effects of nine lactic acid bacteria (LAB) against Campylobacter jejuni were investigated by using agar gel diffusion and co-culture assays. Some differences were recorded between the inhibition effects measured with these two methods. Only two LAB, Lb. pentosus CWBI B78 and E. faecium THT, exhibited a clear antiCampylobacter activity in co-culture assay with dehydrated poultry excreta mixed with ground straw (DPE/GS) as the only growth substrate source. It was observed that the supplementation of such medium with a cellulase A complex (Beldem S.A.) enhanced the antimicrobial effect of both LAB strains. The co-culture medium acidification and the C. jejuni were positively correlated with the cellulase A concentration. The antibacterial effect was characterized by the lactic acid production from the homofermentative E. faecium THT and the lactic and acetic acids production from the heterofermentative Lb. pentosus CWBI B78. The antagonistic properties of LAB strains and enzyme combination could be used in strategies aiming at the reduction of Campylobacter prevalence in the poultry production chain and consequently the risk of human infection.
During the last decade, the alimentary toxi-infection due to Campylobacter has considerably increased worldwide [31] . At the same time, "organic" and "traditional" products have gained in popularity among consumers [41] , and the increased production of such products will not solve food safety problems. The principal source and reservoir of the Campylobacter pathogen is actually poultry and derivate products [40] , especially when chickens have access to the outdoors or pasture [9] . A Danish study showed that 100% of 22 organic broiler-flock samples were positive for Campylobacter spp. compared with 36.7% of 79 conventional broiler flock samples [14] . A recent epidemiologic study carried out in the southern part of Belgium for one year demonstrated that 100% of sampled free-range broiler flocks were positive for Campylobacter during the warm season [39] . Campylobacter species are ubiquitous enteric bacteria in the environment and in domestic animal. Thus, they are widely disseminated in the farm environment, and they can be concentrated in raw poultry meat. Because of its susceptibility to multiple environmental stresses (e.g., temperature, relative humidity, and air composition), it is known that Campylobacter does not grow outside its host, but is able to survive in litter [17] , in sewage [1], in biofilms formed in the water distribution systems of poultry houses [12] , and for more than two weeks in feces [32] . The reduction of Campylobacter contamination at different levels of the poultry production chain, especially at the primary production level, should decrease the risk of human infection. [20, 37, 44] . The bacteria most studied belong to the lactic acid bacteria (LAB) group, which have beneficial effects on health and an important role in preserving foods and preventing food poisoning [18] . These bacteria are characterized by their potential to prevent adherence, establishment, replication, and/or virulence of specific enteropathogens [26] . Different antagonistic mechanisms have been proposed; pH decrease via organic acids production, nutrient competition with pathogens, and/or production of specific inhibitory compounds such as bacteriocins [28] . Thus, the ubiquitous LAB use in the chicken environment (chicken house, litter, pasture, etc.) could reduce the pathogens population and their horizontal transmission in the farm, and could promote animal health.
The primary aim of this research was therefore to establish the effect of some LAB combined with the cellulase A enzymatic complex on growth of the enteropathogen Campylobacter jejuni. The LAB survival in the chicken excreta and their antagonist activity potential could be enhanced by glycanase enzyme, as stated by Vandeplas et al. [38] . These authors showed that a combination between an enzyme of xylanase type and a Lactobacillus strain used as feed additive was able to reduce the Salmonella Typhimurium concentration in caeca of challenged chickens. Enzymes can hydrolyze nondigestible polysaccharides that can be specifically metabolized by LAB. In this study, combinations of LAB strains and a cellulase enzyme were tested in order to further develop anti-Campylobacter treatments to be spread on poultry litter and/or open-air ranges. Thus, the antagonistic activity of different LAB has been tested using the agar gel diffusion and co-culture batch techniques. Subsequently, the cellulase A enzymatic complex was combined with two anti-Campylobacter strains, Lactobacillus pentosus CWBI B78 and Enterococcus faecium THT, in order to assess its ability to improve the antimicrobial activity of both LAB in co-culture. The molecular mechanism involved in antimicrobial activity was investigated by monitoring pH changes and organic acids levels throughout the time of co-culture.
MATERIALS AND METHODS

Bacterial Strains
Nine lactic acid bacteria (LAB), which were isolated from environmental samples of chicken farms, were tested in this study; two Pediococcus pentosaceus (CWBI B73 and CWBI B605), two Enterococcus faecium (THT and CWBI B411), two Paenibacillus spp. (CWBI B1070 and CWBI B60), Weissella confusa CWBI B902, and two Lactobacillus (Lb. pentosus CWBI B78 and Lb. plantarum CWBI B76) strains. All these strains were obtained from the Walloon Center for Industrial Biology culture collection (CWBI, Gembloux, Belgium), except for E. faecium THT, which was cordially provided by THT s.a. (Gembloux, Belgium); all were characterized phenotypically by using the API 50 CHL System (bioMerieux, Lyon, France) and genetically by 16S rDNA sequencing analysis. The LAB cultures were preserved onto Man, Rogosa, and Sharpe (MRS) agar (Biokar Diagnostic, Beauvais, France) and in cryopreservation tubes at -80 o C. Two C. jejuni strains (LMG 6446 and CWBI B1444) and two C. coli strains (LMG 6440 and CWBI B1445) were used as indicator organisms. These strains were kept without antibiotics in Brucella agar and conserved at -80 o C in broth medium containing 15% (w/v) glycerol (Merck, Darmstadt, Germany).
Lactic Acid Bacteria and C. jejuni Culture Preparation
The LAB inoculum was prepared by subculturing bacteria two times in MRS broth (10 ml ). Subsequently, the inoculum was prepared by transferring typical Campylobacter colonies produced on this medium into 10 ml of Brucella broth kept under microaerophilic atmosphere for 48 h.
Assessment of the Inhibitory Activity
Agar diffusion test. The antimicrobial activity of LAB was screened by the colony-overlay method [29] . The method was modified as follows: 5 µl of an overnight culture of LAB was spotted on a fresh MRS plate buffered with sodium phosphate (0.2 M, pH 7). The inoculated agar dishes were incubated for 16 h at 30 o C and then overlaid with 5 ml of Campy-Cefex soft agar (0.5% agar) supplemented by 8 mM of triphenyltetrazolium chloride (Sigma, St. Louis, MO, USA) and seeded with 0.5 ml of 48 h microanaerobic Campylobacter culture. A diameter clear zone of 10 mm or greater, extending laterally from the border of the LAB spot after 24 h of incubation at 42 o C under microanaerobic condition, was recorded as positive inhibition. Co-culture experiments. Dehydrated Poultry Excreta (DPE), from previous feeding trials with broilers housed in raised-floor battery cages with mesh grate floors mounted over excreta collection trays, were prepared by hot drying at 60 o C for 48 h and finely ground using a cyclone mill (Cyclotec Sample Mill 1093, Höganäs, Sweden) 
